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Abstract. Cover crops combined with conservation tillage practices can minimize chemical
inputs and improve soil quality, soil water-holding capacity, weed suppression and crop yields.
No-tillage production of sweet corn (Zea mays var. ‘Silver Queen’) was studied for 2 years at
the USDA Beltsville Agricultural Research Center, Md., to determine cover crop management
practices that maximize yield and suppress weeds. Cover crop treatments were hairy vetch
(Vicia villosa Roth), rye (Secale cereale L.) and hairy vetch mixture, and bare soil (no cover
crop). There were three cover crop killing methods: mowing, rolling or contact herbicide
paraquat. All plots were treated with or without atrazine and metolachlor after planting.
There was a 23 % reduction in sweet corn plant population in the rye-hairy vetch mixture
compared to bare soil. Averaged over both years, sweet corn yield in hairy vetch treatments
was 43% greater than in bare soil, whereas yield in the rye-hairy vetch mixture was 30%
greater than in bare soil. There were no significant main effects of kill method or significant
interactions between kill method and cover crop on yield. Sweet corn yields were not differ-
ent for hairy vetch or rye-hairy vetch treatments with or without atrazine and metolachlor.
However, yield in bare soil without the herbicides atrazine and metolachor were reduced by
63% compared to bare soil with these herbicides. When no atrazine and metolachlor were
applied, weed biomass was reduced in cover crops compared to the bare soil. Regression
analysis showed greater yield loss per unit of weed biomass for bare soil than for the vetch
or rye-hairy vetch mixture. This analysis suggests that cover crops increased sweet corn
yield in the absence of atrazine and metolachlor not only by reducing weed biomass, but
also by increasing the competitiveness of corn to weeds at any given biomass.

The economic and environmental advan-
tages of different conservation tillage practices
in combination with cover crops have been
the subject of many investigations related to
the production of field and vegetable crops
(Hoyt, 1999; Tracy, 1993; Uri, 2000). Proven
advantages of conservation tillage include re-
duction of soil compaction, erosion, and loss of
nutrients as run-off (Karlen, et al., 1990; Stivers
and Jackson, 1991; Uri, 2000), retention of soil
moisture, increased water infiltration and weed
suppression (Tyleretal., 1994; Williams, 1966;
Williams and Doneen, 1960), enrichment of soil
with organic matter from cover crop residues
(Bolton et al., 1985; Tisdall and Oades, 1982),
andrecycling and N fixing of nutrients by cover
crops (Abdul-Baki et al., 1996; Cline and Sil-
vernail, 2001; Shennan, 1992). The use of cover
crops and no-tillage has provided a valuable
option for sustainable production systems.

The contribution of N by cover crops incor-
porated into the soil has received considerable
research efforts. Focus has been directed to the
effect of the cover crop (legume versus nonle-
gume) on the response of the subsequent crop
compared to the response to chemical fertilizers.
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Skarphol et al. (1987) found minimal yield dif-
ferences in snap beans (Phaseolus vulgaris L.)
grownusing 90 kg N/haunder conventional till-
age versus hairy vetch, crimson clover (7rifolium
incarnatum L.), or Austrian winter pea (Pisum
sativum L.) incorporated into the soil without
additional N. Abdul-Baki and Teasdale (1997)
reported a 35% increase in no-tillage snap bean
yield with hairy vetch, compared to bare soil.
They attributed the lower yield obtained in bare
soil, in part, to soil erosion and nutrientlosses in-
duced by heavy rain during the growing season.
These studies suggested that no-tillage produc-
tion using legume cover crops could provide
substantial amounts of N to the subsequent crop
and produce commercial yield of snap beans

with minimal need for commercial fertilizers.
Knavel et al. (1977) and Burket et al. (1997)
reported a superior yield of sweet corn grown
under no-tillage as compared with the conven-
tional system using a commercial N fertilizer.
Burket et al. (1997) estimated the contribution
of clover (Trifolium pratenseL.) as acover crop,
either alone or in a mixture with rye and pea
(Pisum sativum L.), to be 150 kg N/ha. Griffin
et al. (2000) compared yields of sweet corn
in a conventional system to a no-tillage cover
cropping system using alfalfa (Medicago sativa
L.), rye, and rye-hairy vetch mixture without
additional N, while in the conventional system
N additions of 78 and 156 kg N/ha were used.
Yields were not significantly different between
tillage systems; therefore, they concluded that
additional N was not required in the no-tillage
system with a legume cover crop.

Cover cropsinno-tillage production systems
are alsoused to suppress weeds and, thus, reduce
the use of herbicides. Bellinder and Warholic
(1988) reported effective weed control and
equal yields when using rye as a cover crop
and herbicides in no-tillage and conventional
tillage production of sweet corn in New York
State. Galloway and Weston (1996) reported that
hairy vetch cover crop provided higher weed
suppression than the other cover crops, with
sweetcorn yield equal to the conventional tillage
treatment in Kentucky. Sweet corn yields were
highestin hairy vetch and lowestin ladino clover.
The authors attributed the low yields in ladino
clover to regrowth and competition of ladino
clover with sweet corn. Furthermore, Galloway
and Weston (1996) compared weed suppression
and sweet corn yields in both systems with and
withoutherbicide and found, within each system,
the herbicide-treated plots yielded significantly
more than the untreated plots. Burgos and Tal-
bert (1996) used reduced rates of herbicide in
combination with cover crops in no-tillage and
conventional sweet corn production in Arkansas
and found that rye, wheat, and a mixture of rye
and hairy vetch cover crops resulted in 50%
less weeds than when using hairy vetch alone,
or using the conventional system. Sweet corn
yields in hairy vetch, the conventional system,
and the mixture (withoutchemical weed control)
were significantly higher than yields in rye and
wheat. They also found that half and full rates
of atrazine and metolachlor were equally effec-
tive in controlling weeds and produced similar
yields regardless of the cover crop used. Yet

Table 1. Field operations and evaluations for no-tillage sweet corn production, at Beltsville, Md.

Growing season

Operations 1999 2000
Preparing ground and planting cover crops * 17 Sept. 4 Oct.
Bare soil nitrogen application 24 May 25 May
Seeding sweet corn 25 May 26 May
Termination of cover crops 26 May 27 May
Application of residual herbicide 7 June 27 May
Corn population determination 22-29 June 29 June
Application of sidedressing nitrogen 30 June 3 July
Application of insecticide Not applicable 31 July
Not applicable 4 Aug.
Corn biomass collection 4 Aug. 3 Aug.
Weed biomass collection 4 Aug. 3 Aug.
First harvest 20 Aug. 18 Aug.
Second harvest 27 Aug. 24 Aug.

“Dates are for the year preceding the growing season.

HortScience VoL. 39(6) OctoBer 2004



the hairy vetch system and the conventional
system resulted in 42% and 30% increases in
yield over the other cover crops for half and
full rate of herbicide used, respectively. These
studies suggested that cover crops can offer an
effective alternative for weed suppression and
reduce herbicide rate usage. No-tillage sweet
corn yield differences in these experiments
were influenced by geographical location,
performance of the winter cover crops, and
herbicide rates.

Growth termination of cover crop has been a
subjectof many studies. Inno-tillage production,
the cover crops are killed either by the contact
herbicides paraquat or glyphosate (N-[phos-
phono-methyl] glycine) (Bauer and Reeves,
1999; Reeves et al., 1993), or by a mixture of
nonselective and residual preemergence herbi-
cides (Teasdale and Shirley, 1998). Sustainable
production systems aim at reducing chemical
inputs. Thus, mechanical methods for killing
cover crops such as, mowing, rolling and roll
chopping, undercutting, and partial rototilling
have been used. Mowing is commonly used,
because the cover crop residues are left as sur-
face mulch (Derpsch et al. 1986; Creamer and
Dabney, 2002; Creamer et al., 1995). Rolling
and roll-chopping are achieved by breaking,
cutting, crushing, or crimping stems (Dabney et
al., 1991; Hoffman et al., 1993). Undercutting
was developed for raised beds (Creamer et al.,
1995). Partial rototilling of living mulch has
been used in intercropping systems (Grubinger
and Minotti, 1990). The success of any of these
methods in cover crop termination depends on
the growth stage of the cover crop at the time
of killing, the type of cover crop grown, the
subsequent crop to be planted, and the cropping
system to be used. Cover crop killing methods
have also been reported to have an impact on
insectpopulations (Lauband Luna, 1991, 1992),
weedemergence (Creameretal., 1995), and soil
temperature (Kaspar and Erbach, 1998).

Theobjectives of this study wereto 1) evaluate
the use of cover crops for no-tillage production of
sweet corn in Maryland; 2) compare mechanical
versus chemical practices for cover crop termina-
tion; and 3) assess the influence of cover crops
on weed suppression, with and without residual
herbicides atrazine and metolachlor.

Materials and Methods

A 2-year (1999-2000) field study was
conducted at USDA Beltsville Agricultural
Research Center, Md., on a Matapeake siltloam,
with 0% slope. Weather data were collected at
a weather station located 300 m from the field
plot. The experimental design in both years was
a split plot design with four replications. Three
cover crop treatments (hairy vetch, a rye—hairy
vetch mixture, and no cover crop, referred to in
this paper as bare soil) were arranged as whole
plots in strips across each block. These cover
crop strips were split by three cover crop killing
methods (mowing, rolling, or contact herbicide
paraquat (1, 1’-dimethyl-4, 4’-bipyridinium
ion)). A second whole plot, laid out in strips
perpendicular to the cover crop was plus or
minus the preemergence herbicide mixture of
atrazine (6-chloro-N-ethyl-N’-(1-methylethyl)-
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1,3,5-triazine-2,4-diamine) plus metolachlor
(chloro-N-(2-ethyl-6-methylphenyl)-N-(2-me-
thoxy-1-methylphenyl) acetamide). Each year,
the experiment was located on a different site
within the same field area. Major field operations
are summarized in Table 1. Experimental sites
were moldboard-plowed before planting the
cover crops. The cover crops were seeded on 17
Sept. 1998, and 4 Oct. 1999. Hairy vetch seed
wasinoculated with Rhizobium spp.immediately
before planting. The seeding rate for hairy vetch
when used alone or with rye was 45 kg-ha™'. The
seeding rate for rye also was 45 kg-ha™'.

Plots without cover crop received 840 kg-ha™!
ofa10-20-10fertilizer broadcastby hand before
the corn was planted. All plots received 170
kg-ha™ of 10-20-10 fertilizer applied to the
furrow at planting time. On 25 May 1999 and
26 May 2000, ‘Silver Queen’ sweet corn was
seeded at target populations of 59,000 (1999)
and 54,340 (2000) seeds/ha in 76-cm rows using
ano-till seeder (John Deere model 7200; Deere
& Co., Frederick, Md.). Plots were 9.2 m long
and 6.1 m wide in 1999 and 7.6 m long and 6.1
m wide in 2000, with four rows of sweet corn
per plot. Cover crops were terminated either
mechanically, using a high-speed flail mower
(Manufacture Alamo, Seguin, Texas) or roller
builtby the authors, or chemically, using paraquat
at a rate of 0.53 kg a.i./haplus 0.25% nonionic
surfactant. The residual herbicides atrazine and
metolachlor were applied to designed plots at
a rate of 1.1 kg ai/ha and 1.4 kg a.i./ha re-
spectively. The term residual herbicide will be
used in this paper to refer to herbicides applied
to soil that prevent emergence of weeds after
application. Liquid N (anhydrous ammonia
NB82) was side-dressed to all plots at a rate of 66
kg-ha™! as supplemental N. Thus, a total of 167
kg N/ha was applied to the bare soil treatment,
and 83 kg N/ha was applied to the cover crop
treatments, with the balance of N expected to be
supplied by cover crop decomposition. In 2000,
the insecticide Asana XL ((s)-cyano(3-phenoxy
phenyl) methyl (s)-4-chloro-alpha-(1-methyl
ethyl) benzene acetate) was applied twice at a
rate of 0.0187 kg a.i./ha to control corn earworm
(Helicoverpa zea Boddie).

Data collection. Cover crop biomass was
collected each year 1 d before seeding the sweet
corn. One sample of 1 m?>was randomly taken
from each cover crop replication, oven-dried
for 1 week at 70 °C, and weighed for determi-
nation of biomass. Corn plant population was
determined twice in 1999 and once in 2000
from 9.14 m of all four rows in each plot in
1999 and from 7.62 m of the two middle rows
in each plot in 2000. Random plant samples
of ten ear leaves per treatment were collected
from 1.3-m lengths on the two inner rows to
avoid border effect. Samples within each treat-
ment were oven-dried for 1 week at 70 °C, and
ground to pass through a 0.6 mm mesh sieve
for determining nitrogen and carbon contents
of tissues using an analyzer (LECO CHN-600 ;
Leco Corp., St. Joseph, Mich.). Weed biomass
was also determined from a 1.3-m length on
both inner rows resulting in a total area of 2 m?
for each treatment. Weed samples were oven-
dried for 1 week at 70 °C and weighed. Two
sweet corn harvests were performed per year:

20 and 27 Aug. 1999 and 18 and 24 Aug. 2000.
Mature ears from a 6.08-m section of the two
inner rows were harvested per plot. The total
area harvested per plot was 9.24 m?. Number of
ears and fresh weight were determined.

Statistical analyses. Data were analyzed
using a mixed model analysis of variance (Proc
Mixed, SAS Institute Inc., 1999) with cover
crop, cover crop killing method, residual her-
bicide application, and year as fixed effects and
blocks and appropriate split plot error terms as
random effects. Heterogeneity of variance was
modeled by grouping treatments with similar
variability. Mean comparisons were generated
using the Bonferroni 7 test with an adjusted P
value. Regression analysis was used to analyze
yield data as a function of weed biomass, with
cover crop included as a class variable to test
for homogeneity of slope between cover crop
treatments.

Results and Discussion

Rainfall and irrigation. Distribution and
amount of rainfall differed between the two
years of the study. During the growing season,
279 mm of rain plus irrigation were recorded
for 1999, while 396 mm of rain were recorded
for 2000. Below-average rainfall during the
growing season particularly during pollination
and kernels fill occurred in 1999. In total, 75
mm of irrigation water was applied once before
planting and three times later in the season to
supplement the crop needs. Therainfall distribu-
tion pattern was uniform for 2000, but scattered
for 1999 (Fig. 1). Impact of rainfall fluctuations
on cover crop growth and decomposition as well
as on corn N uptake has been reported (Clark
et al., 1997a, 1997b).

Corn growth and yield. Sweet corn popula-
tion was significantly affected by the three-way
interaction between cover crop by killing method
by year (Table 2). Sweet corn plant population
was significantly reduced in the rye—hairy vetch
mixture compared to hairy vetch alone regard-
less of kill method or year (Fig. 2). The plant
populations were similar in the hairy vetch and
bare soil treatments in all situations. In 1999 and
in 2000, the rye—hairy vetch mixture produced
27% and 32%, respectively, more residue than
hairy vetch alone. This dense residue on the
soil surface probably did not allow adequate
seed—soil contact. Previous research with sweet
corn by Cline and Silvernail (2002) , Petersen
et al. (1986), and Rutledge (1999) has shown
plant population reduction when using a cover
crop mixture.

Sweet corn yields were significantly affected
by four two-way interactions: cover crop by year,
residual herbicide by year, residual herbicide by
cover crop, and killing method by residual herbi-
cide (Table 2). The cover crop by yearinteraction
showed sweetcornyields produced in hairy vetch
treatments were significantly greater than those
in the other treatments in 2000 but not in 1999,
although the same trend was evidentin 1999 (Fig.
3). Over both years, hairy vetch increased corn
yieldby anaverage of 43% overbare soil whereas,
rye—hairy vetch mixture increased yield by 30%
over bare soil (Fig. 3). Reduced N availability
may explain the lower yields in bare soil, since
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Fig. 1. Rainfall during the sweet corn
growing season at Beltsville in years
1999 and 2000. Arrows indicated dates
of irrigation (25 mm each time).

summer soil water conservation by
the cover crop. Likewise, Sullivan
etal. (1991) reported increases in
soil water contentby increasing the
level of cover crop residue.
Since the objectives of the
paper focus on the performance
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of cover crops, interactions thatdo
not involve cover crops will not
be discussed in detail. The treat-
ment effect of residual herbicide
by killing practice interaction
indicated that when residual her-
bicide was applied, there were no
yield differences between killing
treatments whereas, without re-
sidual herbicides, lower yield was
obtained by mowing than by kill-
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N content of ear-leaves taken at the silking stage
was significantly higher in cover crops than in
bare soil. Mean N concentration of corn leaves
produced in hairy vetch, rye—hairy vetch mixture
and bare soil treatments were 2.6%, 2.5%, and
2.1%, respectively. Nitrogen levels in cover
crops were within the sufficiency range reported
by Reuter and Robinson (1986). Rainfall could
have contributed to high N leaching in bare soil
because more N would be available for leach-
ing in bare soil that is fertilized with inorganic
N than in cover crop treatment with organic N.
Cover crop mineralization may have allowed for
slow release of N and more efficient absorption
by the sweet corn plants. Also, cover crops are
known to influence water retention and water
availability. Clark et al. (1997b) reported higher
field cornyieldin hairy vetch cover crop due tothe

ing with paraquat or rolling (data
not shown). Greater regrowth of
weeds that were already present
at the time of planting in the
mowing treatment accounted for lower yield of
this treatment without residual herbicide. The
treatment effect of residual herbicide by year
interaction showed greater yields with residual
herbicide than withoutresidual herbicide inboth
years, but to a greater degree in 1999 than in
2000 (data not shown).

Cover crop by residual herbicide effects. Yield
with residual herbicide application was not dif-
ferentfrom that withoutresidual herbicides when
sweet corn was grown in a vetch or rye—hairy
vetchmixture cover crop (Fig.4). However, sweet
corn yield was reduced by 63% when grown in
bare soil without than with a residual herbicide.
These results agree with those of Galloway and
Weston (1996), who reported no reduction in
sweet corn yield due to weed pressure in hairy
vetch cover crop treatments.

August

There was a significant treatment effect of
cover crop by residual herbicide interaction for
weed biomass (Table 2). Weed biomass was
significantly higher in bare soil than in cover
crops without residual herbicide, but was low in
all treatments with residual herbicide (Fig. 5).
Higher weed biomass in the bare soil treatment
withoutresidual herbicide can explain the lower
yieldin this treatment. Weed biomass was prob-
ably lower in the cover crop treatments because
cover crop residue has been shown to suppress
and delay weed emergence, thus giving sweet
corn a competitive advantage (Teasdale and
Rosecrance, 2003).

Further analysis of yield as a function of
weed biomass showed a significant reduction
in yield with increasing weed biomass across
all cover crop treatments in 1999 and for the
mixture and bare soil treatment in 2000 (Figs.
6 and 7). There were no significant differences
in slopes among cover crops and bare soil in
1999, but there was a trend for the slope of
the regression line to be steeper for bare soil
(Fig. 6). In 2000, the regression analysis for
comparison of slopes showed significantly
steeper slope for bare soil than for the rye-hairy
vetch mixture (Fig. 7). This analysis suggests
that cover crops increased sweet corn yield in
the absence of residual herbicide not only by
reducing weed biomass, but also by increasing
the competitiveness of corn to weeds at any
given biomass. This could be explained by an
improved capture of nutrients and water in cover
crop systems (Clark et al. 1995).

In summary, we have shown that sweet corn
production under ano-tillage system with cover
crops can minimize herbicide input, as well as
provide the well-known benefits of conserving
soil and improving water availability (Clark etal.
1995). Sweet corn yields in hairy vetch residues
were significantly higher than in bare soil. Plant
population was reduced by approximately 23%
by the rye-hairy vetch mixture but this reduc-
tion was not sufficient to significantly reduce
yield compared to hairy vetch alone. Greater

Table 2. Analysis of variance combined over 2 years (1999 and 2000) for sweet corn population, sweet corn yield, and weed biomass at Beltsville, Md.

Sweet corn population Yield Weed biomass
Source of variation* df Significance df Significance df Significance
Year 1 K 1 NS 1 T
Block (year) 13.3 - 6 - 6 -
Cover 2 o 2 o 2 wE
Cover x year 2 NS 2 wE 2 NS
Error a 49.8 - 12 - 12 -
Herb 1 NS 1 wE 1 wE
Herb x year 1 NS 1 wx 1 F
Error b 10.6 - 18 - 6 -
Herb x cover 2 NS 2 o 2 o
Herb x cover x year 2 NS 2 NS 2 NS
Error ¢ 47.8 - 18 - 12 -
Kill 2 + 2 NS 2 wE
Kill x year 2 NS 2 NS 2 NS
Kill x cover 2 NS 4 NS 4 NS
Kill x cover x year 2 Hk 4 NS 4 NS
Error d 49.8 - 36 - 36 -
Kill x herb 2 NS 2 o 2 o
Kill x herb x year 2 NS 2 NS 2 NS
Kill x herb x cover 4 NS 4 NS 4 NS
Kill x herb x cover x year 4 NS 4 NS 4 ok
Error e 47.8 - 36 - 36 -

“Cover = cover crop, herb = residual herbicide, kill = cover crop killing method.
T,%,**Significant at P = 0.10, 0.05, or 0.01, respectively.
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Fig. 2. Sweetcorn plant population as affected by hairy vetch, rye-hairy

vetch mixture, or bare soil when killed by rolling, mowing, or para-
quat in 1999 and 2000. Bars associated with the same letter within
kill method and year are not significantly different (P < 0.05).
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Fig.3.Sweetcornyield as affected by hairy vetch, rye—hairy vetch mix-
ture, or bare soil in 1999 and 2000. Bars associated with the same
letter within year are not significantly different (P < 0.05).
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Fig.4. Sweetcornyield as affected by hairy vetch, rye—hairy vetch mixture,
orbare soil and residual herbicide. Bars associated with the same letter
within cover crop are not significantly different (P < 0.05).

weed suppression was achieved by hairy vetch
and rye-hairy vetch mixture than by bare soil.
No consistent or significant differences were
found between the mechanical and the chemical
methods for killing cover crops. Thus, a cover
cropping system that includes mechanical kill
and eliminates residual herbicides can minimize
herbicide inputand provide a suitable alternative
for sweetcorn productionin ano-till sustainable
production system.
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